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$q_{xt}+(rs)_{x}=0$ , $r_{xt}-2q_{x}r=0$ , $s_{xt}-2q_{x^{S}}=0$ (1)
$q_{x}arrow q_{0}$ , $rarrow \mathrm{O}$ , $sarrow \mathrm{O}$ for $|x|arrow\infty$ (2)
, 1 2 . $q_{0}$ – .
$r$ $s$ $r=s[2]$ $r=s^{*}[3]$ .
(1) l
$q_{x}^{2}+r_{x}sx=q^{2}0$ (3)
. $r=s$ , (3) ?
$q_{x}^{2},$ $+r_{x}^{2}=q^{2}0$
’ (4)
2 Euclidian group E2 , (1) $l\mathrm{h}$ sine-Gordon $[4][5]$
. $r=s^{*}$ , (3)
$q_{x}^{2}+{\rm Re}(\gamma_{x})2+{\rm Im}(rx)^{2}=q_{0}^{2}$ (5)
$O(3)\sim SU(2)$ . (1) Pohlmeyer-Lund-Regge
[6]. $r=\rho+\eta,$ $s=\rho-\eta$ , (3)
$q_{x}^{2}+\rho_{x}2-\eta_{x}=q_{0}^{2}2$ , (6)
$O(2,1)\sim SL(2, R)$ $\langle$ . (6) $r$ $s$ .
, .
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$q_{x},$ $r$ $s$ $\mathrm{Q}_{x}$ , $\mathrm{R}$ $\mathrm{S}$
. $\mathrm{R}$ $\mathrm{S}$ bright $\mathrm{Q}_{x}$ dark .
. (1)
, , $\mathrm{R}$ $\mathrm{S}$
. 2 $\mathrm{R}$ 1 $\mathrm{S}$




$U=-\mathrm{i}\lambda$ , $W=+ \frac{\mathrm{i}}{2\lambda}$ (8)
.
$\lambda$ Jost
$\phiarrow\exp(-\mathrm{i}\lambda q_{0^{X}})$ , $\overline{\phi}arrow\exp(\mathrm{i}\lambda q_{0}x)$ for $xarrow\infty$ , (9)
$\psiarrow\exp(\mathrm{i}\lambda q0x)$ , $\overline{\psi}arrow\exp(-\mathrm{i}\lambda q0x)$ for $xarrow-\infty$ (10)
,










, (15) (14) . ,
$\overline{\psi_{2}}=\exp\{\mathrm{i}\lambda q_{0}x+\int_{-\infty}^{x}\hat{\sigma}(y)\mathrm{d}y\}$ , (16)




$\sigma_{-1}$ $=$ $q_{x}^{2}+rs=q^{2}xx\mathrm{o}$ ’
(19a)
$\sigma_{0}$ $=$ $\frac{r_{x}}{2q_{0}},(\frac{q_{x}-q_{0}}{r_{x}})_{x}$ , $\hat{\sigma}_{0}=\frac{s_{x}}{2q_{0}}(\frac{q_{x}-q_{0}}{s_{x}})_{x}$ , (19b)
$\sigma_{1}$ $=$ $\frac{r_{x}}{2q_{0}}[\frac{\sigma_{0}^{2}}{r_{x}}+(\frac{\sigma_{0}}{\uparrow x},)_{x}]$ , $\hat{\sigma}_{1}=\frac{s_{x}}{2q_{0}}[\frac{\hat{\sigma}_{0}^{2}}{s_{x}},$ $+( \frac{\hat{\sigma}_{0}}{s_{x}})_{x}]$ (19c)
.
$r$ $s$ l (9) (10) ,
$\overline{\phi}_{1}(\lambda)=\emptyset 2*(\lambda*)$ , $\overline{\phi}_{2}(\lambda)=-\emptyset 1(*\lambda*)$ ,
$\overline{\psi}_{1}(\lambda)=\psi_{2}*(\lambda^{*})$ , $\overline{\psi}_{2}(\lambda)=-\psi_{1}*(\lambda^{*})$ , (20)
$\overline{a}(\lambda)=a^{*}(\lambda^{*})$ , $\overline{b}(\lambda)=b^{*}(\lambda^{*})$ ,
. , Gel’fand-Levitan
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$\mu+)\mu_{-},$ $\mu 0,\hat{\mu}_{+},\hat{\mu}_{-}$ $\hat{\mu}_{0}$ (19b) :
$\mu_{+}(x)=\int_{x}^{\infty}\sigma_{0^{\mathrm{d}y}}$ , $\mu_{-}(x)=\int_{-\infty}^{x}\sigma 0\mathrm{d}y$ ,
$\mu_{0}(x)=\mu_{-}(X)+\mu_{+}(x)$ ,
(21)
$\hat{\mu}_{+}(x)=\int_{x}^{\infty}\hat{\sigma}_{0^{\mathrm{d}y}}$ , $\hat{\mu}_{-}(x)=\int_{-\infty}^{x}’\hat{\sigma}0\mathrm{d}y$ ,
$\hat{\mu}_{0}(_{X)}=\hat{\mu}_{-}(X)+\hat{\mu}+(x)$ .
2 $I\mathrm{f}_{1}(x, z),$ $IC_{2}(x, Z)$ $\overline{K}_{1}(x, z),\overline{I\mathrm{f}}_{2}(x, Z)$
$= \exp(\mathrm{i}\lambda q_{0}x-\hat{\mu}+(x))+\int_{x}^{\infty}\exp(\mathrm{i}\lambda q0z-\hat{\mu}+(_{X)})\mathrm{d}z$ ,
$(_{\overline{\frac{\psi}{\psi}}}12)= \exp(-\mathrm{i}\lambda q0x-\mu_{+}(x))+\int_{x}^{\infty}(^{\mathrm{i}_{\frac{\lambda I}{K}}}\overline{\zeta}_{1}(_{X,z},)2(Xz))\exp(-\mathrm{i}\lambda q_{0}z-\mu_{+}(_{X)})\mathrm{d}z$
(22)
\tau 6 Gel’fand-Levitan R6
$G_{1}(x, y)+q_{0}^{2} \hat{F}(X+y)+q_{0}2\int_{x}^{\infty}\hat{G}_{1}(x, z)\hat{F}(X+Z)\mathrm{d}z=0$,




$\hat{G}_{1}(x, y)+\int_{x^{\backslash }}^{\infty}-,’=^{\mathrm{o}}G_{1}(_{X\mathcal{Z}})F’(x+\mathcal{Z})\mathrm{d}z$ ,
$\hat{G}_{2}(x, y)+q_{0}F(2yx+)+q_{0}2\int_{x}^{\infty}G_{2}(x, z)F(x+Z)\mathrm{d}z=^{\mathrm{o}}$
. , $G_{1},$ $G_{2},\hat{G}_{1}$ $\hat{G}_{2}$
$G_{1}(x, z)=K_{1}(_{XZ},)\exp(\mu_{+}(x)-\hat{\mu}_{+}(x))$ , $G_{2}(x, z)=I1_{2}^{r}(x, \mathcal{Z})$ ,
$\hat{G}_{1}(x, z)=\overline{IC}_{1}(x, z)$ , $\hat{G}_{2}(x, z)=\overline{I\mathrm{f}}_{2}(x, z)\exp(\hat{\mu}_{+}(X)-\mu_{+(X}))$
(24)
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, $F(z)$ $\hat{F}(z)$ :
$F(z)= \frac{1}{2\pi}\int Cq\frac{\mathrm{d}\lambda}{\mathrm{i}\lambda q_{0}}\frac{b(\lambda)}{a(\lambda)}\exp(\mathrm{i}\lambda 0z)$ ,





$a(\lambda, d)=a(\lambda, 0)$ , $b( \lambda, t)=b(\lambda, 0)\exp(-\frac{\mathrm{i}}{\lambda}t)$ ,
(26)





$r_{x}$ $=$ $\frac{2q_{0}^{2}K1(_{X,X)}}{q_{0}^{2}+I\acute{(}_{1}(Xx)I\prime_{\iota}2(\overline{\prime}X,X)},$ ’




$F(z)= \sum_{k=1}^{N}\frac{\mathrm{i}C_{k}(t)}{\lambda_{kq_{0}}}\exp(\lambda_{kq}0Z)+\frac{1}{2\pi}\int^{\infty}-\infty\frac{\rho(\lambda,t)}{\lambda q_{0}}\exp(\mathrm{i}\lambda q0z)\mathrm{d}\lambda$ ,
(28)





$\rho(\lambda, t)=\rho(\lambda, 0)\exp(-\frac{\mathrm{i}}{\lambda}t)$ , $\wedge\rho(\lambda, t)=\rho(\wedge\lambda, 0)\exp(\frac{\mathrm{i}}{\lambda}t)$ ,






. , $IC_{0}\overline{I\acute{\mathrm{t}}}0=q^{2}\mathrm{o}$ .
1 , $a(\lambda)$ $\lambda=\mathrm{i}\eta$ , $\overline{a}(\lambda)$ $\lambda=-\mathrm{i}\xi$ . $F(z)$
&F(z) es
$F(z)= \frac{C(t)}{\eta q_{0}}\exp(-\eta q\mathrm{o}Z)$ , $\hat{F}(z)=\frac{\hat{C}(t)}{\xi q_{0}}\exp(-\xi q\mathrm{o}^{z})$ (31)



















Figure 1: Profile of $\mathrm{Q}_{x},$ $\mathrm{R}$ and $\mathrm{S}$ solitons with $\eta=0.5,$ $\xi=1.5,$ $I\mathrm{f}_{0}=-1,\overline{I\prime_{\mathrm{t}}’}_{0}=-1$ and
$q_{0}=1$ at $t=0.5$ .
1 $\mathrm{R}$ $\mathrm{S}$ ,
. $\mathrm{Q}_{x}$ .
$V=- \frac{1}{2\eta\xi q_{0}}$ (34)
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, $\mathrm{Q}_{x}$ .
$\mathrm{Q}_{x}$ soliton $2( \eta+\xi)q_{0}x+(\frac{1}{\eta}+\frac{1}{\xi})t+\ln(\eta+\xi)^{2}=0$ ,
$\mathrm{R}$ soliton $2( \eta+\xi)q_{0}x+(\frac{1}{\eta}+\frac{1}{\xi})t+\ln\frac{\xi}{\eta}(\eta+\xi)^{2}=0$ , (35)
$\mathrm{S}$ soliton $2( \eta+\xi)q_{0}x+(\frac{1}{\eta}+\frac{1}{\xi})t+\ln\frac{\eta}{\xi}(\eta+\xi)^{2}=0$
. – $\langle$ , (35)
$\mathrm{Q}_{x}$ soliton $- \frac{\eta^{2}+\xi^{2}}{2\eta\xi}$ ,
$\mathrm{R}$ soliton $- \frac{\overline{I\zeta}_{0}}{2\xi^{2}}[\frac{\xi}{\eta}(\eta+\xi)^{2}]^{\overline{\eta}+^{L}\overline{\epsilon}}\exp\{-2\lrcorner(\xi-\eta)q0x0\}$, (36)
$\mathrm{S}$ soliton $- \frac{K_{0}}{2\eta^{2}}[\frac{\eta}{\xi}(\eta+\xi)^{2}]^{\overline{\eta}+}\overline{\epsilon}\exp\{\mathrm{f}2(\xi-\eta)q_{0}x0\}$.
. 2, 3 .
Figure 2: Time evolution ot $\mathrm{K}\mathrm{s}\mathrm{o}|\mathrm{l}\mathrm{t}\mathrm{o}\mathrm{n}$ propagatlng negatlve dlrectlon with $\eta=1,$ $\xi=1.5$ ,
$IC_{0}=-1$ and $q_{0}=1$ at $t=-5,$ $-2$ and 1.
, $\hat{C}_{0=}0$ , 1R , $\mathrm{S}$ $0$
. $\mathrm{Q}_{x}$ – .
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$\underline{\mathrm{F}\mathrm{i}}\mathrm{g}\mathrm{u}\mathrm{r}\mathrm{e}$
$3$ : Time evolution of $\mathrm{S}$ soliton propagating nega,tive direction with $\eta=1,$ $\xi=1.5$ ,
$I\iota_{0}’=-1$ alud $q_{0}=1$ at $t=-5,$ $-2$ and 1.
, $\eta=\xi$ $r=s[2]$ , $\mathrm{R}$ Q
.
2 , $a(\lambda)$ $\mathrm{i}\eta_{1}$ $\mathrm{i}\eta_{2}$ , $a(\wedge\lambda)$ i\xi l $-\mathrm{i}\xi_{2}$
:




$+[ \frac{(\eta_{1^{-}}\eta_{2})(\xi_{1^{-\xi)}}2}{(\eta_{1}+\xi 1)(\eta 1+\xi 2)(\eta_{2}+\xi 1)(\eta_{2}+\xi 2)}]^{2}X_{1}X2Y1Y_{2}$ ,
$U_{1}= \frac{Y_{1}}{\xi_{1}}+\frac{Y_{2}}{\xi_{2}}-\frac{\eta_{1}(\xi_{1}-\xi_{2})^{2}}{\xi_{1}\xi_{2}(\eta_{1}+\xi 1)2(\eta_{1}+\xi 2)^{2}}X_{1}Y1Y2-\frac{\eta_{2}(\xi_{1}-\xi_{2})^{2}}{\xi_{1}\xi_{2}(\eta 2+\xi 1)2(\eta_{2}+\xi 2)^{2}}x_{2}Y_{1}l_{2}^{\nearrow}$ ,
$U_{2}= \frac{X_{1}}{\eta_{1}}+\frac{X_{2}}{\eta_{2}}-\frac{\xi_{1}(\eta_{1^{-}}\eta_{2})2}{\eta_{1}\eta_{2}(\eta_{1}+\xi 1)2(\eta_{2}+\xi 1)^{2}}x1x2Y1-\frac{\xi_{2}(\eta 1^{-}\eta 2)^{2}}{\eta_{1}\eta_{2}(\eta_{1}+\xi 2)2(\eta_{2}+\xi 2)^{2}}x1X2Y_{2}$ ,
(39)
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$W_{1}= \frac{Y_{1}}{\xi_{1}^{2}}+\frac{Y_{2}}{\xi_{2}^{2}}+\frac{\eta_{1}^{2}(\xi_{1}-\xi 2)^{2}}{\xi_{1}^{2}\xi_{2}^{2}(\eta_{1}+\xi 1)2(\eta_{1}+\xi 2)^{2}}X_{1}Y1Y2+\frac{\eta_{2}^{2}(\xi_{1}-\xi 2)^{2}}{\xi_{1}^{2}\xi_{2}^{2}(\eta_{2}+\xi 1)2(\eta_{2}+\xi 2)^{2}}x2Y1Y2$ ,
$W_{2}= \frac{X_{1}}{\eta_{1}^{2}}+\frac{X_{2}}{\eta_{2}^{2}}+\frac{\xi_{1}^{2}(\eta_{1}-\eta_{2})2}{\eta_{1}^{2}\eta_{2}^{2}(\eta_{1}+\xi 1)^{2}(\eta_{2}+\xi_{1})^{2}}X1x2Y1+\frac{\xi_{2}^{2}(\eta_{1^{-}}\eta 2)^{2}}{\eta_{1\eta_{2}(\eta 1}^{22}+\xi 2)2(\eta_{2}+\xi 2)^{2}}X1x2l_{2}\nearrow$,
(40)
$\mathrm{X}U$
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